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DAMPENING ELEMENT FOR FLUID 
MANAGEMENT SYSTEM 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims the benefit of priority under 
35 U.S.C. $ 119 of U.S. Provisional Application No. 62/782 , 
124 filed Dec. 19 , 2018 , the entire disclosure of which is 
hereby incorporated by reference . 

TECHNICAL FIELD 

[ 0002 ] The disclosure relates generally to medical devices , 
systems , and / or methods for dampening pressure fluctua 
tions within a medical fluid management system . 

BACKGROUND 

[ 0003 ] In some fluid management systems , peristaltic or 
membrane pumps may be used which cause a pulsatile or 
non - continuous flow of fluid into ( infusion ) and / or out of 
( suction ) a medical device and / or a body cavity or lumen . 
Peristaltic or membrane pumps may have certain desirable 
qualities depending upon the procedure being performed . 
However , the pressure fluctuations that result from the use of 
peristaltic or membrane pumps may be undesirable in some 
situations . There is an ongoing need to provide alternative 
components of fluid management systems to reduce pressure 
fluctuations of an inflow of fluid and / or an outflow of fluid 
through the fluid management system . 

SUMMARY 

[ 0004 ] In a first aspect , a fluid management system may 
comprise a fluid pump capable of generating a pulsatile flow 
of fluid ; a fluid pathway for transporting the pulsatile flow of 
fluid from a fluid source through the fluid pump to a medical 
device ; a dampening element in fluid communication with 
the fluid pathway , the dampening element comprising one or 
more barrels , each barrel including a movable seal member 
disposed within the barrel and a biasing member disposed 
within the barrel and engaged with the movable seal mem 
ber , the dampening element being responsive to pressure 
fluctuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow ; 
and a fluid flow sensor disposed along the fluid pathway 
between the dampening element and the medical device to 
measure a flow rate of the smoothened pulsatile fluid flow in 
both flow directions of the fluid pathway . 
[ 0005 ] In addition or alternatively , the dampening element 
may be capable of actively dampening the pressure fluctua 
tions in both flow directions . 
[ 0006 ] In addition or alternatively , the biasing member 
may be an elastic element . 
[ 0007 ] In addition or alternatively , the elastic element may 
be a spring . 
[ 0008 ] In addition or alternatively , the elastic element may 
be in compression . 
[ 0009 ] In addition or alternatively , the elastic element may 
be in tension . 
[ 0010 ] In addition or alternatively , the biasing member 
may be a gas , such as a gas at atmospheric pressure ( e.g. , 
atmospheric air ) or a compressed gas . 
[ 0011 ] In addition or alternatively , the biasing member 
may be a vacuum or a partial vacuum . 

[ 0012 ] In addition or alternatively , the movable seal mem 
ber may include at least one sealing element extending 
around a perimeter of the movable seal member . 
[ 0013 ] In addition or alternatively , the fluid management 
system may further comprise a pressure relief port . 
[ 0014 ] In addition or alternatively , the pressure relief port 
may be opened by axial translation of the movable seal 
member . 
[ 0015 ] In addition or alternatively , each barrel may 
include an adjustable cap configured to adjust a working 
length of its barrel . 
[ 0016 ] In addition or alternatively , each adjustable cap 
may threadably engage its respective barrel . 
[ 0017 ] In addition or alternatively , a fluid management 
system may comprise a fluid pump capable of generating a 
pulsatile flow of fluid ; a fluid pathway for transporting the 
pulsatile flow of fluid from a fluid source through the fluid 
pump to a medical device ; a dampening element in fluid 
communication with the fluid pathway , the dampening ele 
ment comprising a first barrel and a second barrel , the 
dampening element being responsive to pressure fluctua 
tions of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
The first barrel may include a first movable seal member 
disposed within the first barrel and a first biasing member 
disposed within the first barrel and engaged with the first 
movable seal member . The second barrel may include a 
second movable seal member disposed within the second 
barrel and a second biasing member disposed within the 
second barrel and engaged with the second movable seal 
member . 
[ 0018 ] In addition or alternatively , the first barrel dampens 
the pulsatile fluid flow in a distal direction . 
[ 0019 ] In addition or alternatively , the second barrel 
dampens the pulsatile fluid flow in a proximal direction . 
[ 0020 ] In addition or alternatively , the first barrel may be 
independent of the second barrel . 
[ 0021 ] In addition or alternatively , the first barrel and the 
second barrel may be formed within a single monolithic 
structure . 
[ 0022 ] In addition or alternatively , a fluid management 
system may comprise a fluid pump capable of generating a 
pulsatile flow of fluid ; a fluid pathway for transporting the 
pulsatile flow of fluid from a fluid source through the fluid 
pump to a medical device ; a dampening element in fluid 
communication with the fluid pathway , the dampening ele 
ment comprising a first barrel and a second barrel , the 
dampening element being responsive to pressure fluctua 
tions of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow ; 
and a fluid flow sensor disposed along the fluid pathway 
between the dampening element and the medical device to 
measure a flow rate of the pulsatile fluid flow in both flow 
directions of the fluid pathway . The first barrel may include 
a first movable seal member disposed within the first barrel 
and a first biasing member disposed within the first barrel 
and engaged with the first movable seal member , the first 
barrel being configured to dampen the pressure fluctuations 
in a distal direction . The second barrel may include a second 
movable seal member disposed within the second barrel and 
a second biasing member disposed within the second barrel 
and engaged with the second movable seal member , the 
second barrel being configured to dampen the pressure 
fluctuations in a proximal direction . The first barrel and the 
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second barrel may both be positioned between the fluid 
pump and the fluid flow sensor . 
[ 0023 ] The above summary of some embodiments , 
aspects , and / or examples is not intended to describe each 
embodiment or every implementation of the present disclo 
sure . The figures and the detailed description which follows 
more particularly exemplify these embodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0024 ] The disclosure may be more completely under 
stood in consideration of the following detailed description 
of various embodiments in connection with the accompa 
nying drawings , in which : 
[ 0025 ] FIG . 1 is a schematic view of a fluid management 
system ; 
[ 0026 ] FIG . 2A is a schematic illustration of fluid pressure 
fluctuations in a positive pulsatile flow of fluid ; 
[ 0027 ] FIG . 2B is a schematic illustration of fluid pressure 
fluctuations in a negative pulsatile flow of fluid ; 
[ 0028 ] FIGS . 3-9 illustrate selected aspects of example 
dampening elements ; 
[ 0029 ] FIG . 10 illustrates an example pressure relief port 
associated with an example dampening element ; 
[ 0030 ] FIGS . 11-14 illustrates an example adjustable cap 
associated with an example dampening element ; and 
[ 0031 ] FIG . 15 illustrates an alternative configuration of 
an example dampening element . 
[ 0032 ] While aspects of the disclosure are amenable to 
various modifications and alternative forms , specifics 
thereof have been shown by way of example in the drawings 
and will be described in detail . It should be understood , 
however , that the intention is not to limit aspects of the 
disclosure to the particular embodiments described . On the 
contrary , the intention is to cover all modifications , equiva 
lents , and alternatives falling within the spirit and scope of 
the disclosure . 

ally refers to a range of numbers that one of skill in the art 
would consider equivalent to the recited value ( e.g. , having 
the same function or result ) . In many instances , the term 
" about " may include numbers that are rounded to the nearest 
significant figure . Other uses of the term “ about ” ( e.g. , in a 
context other than numeric values ) may be assumed to have 
their ordinary and customary definition ( s ) , as understood 
from and consistent with the context of the specification , 
unless otherwise specified . 
[ 0036 ] The recitation of numerical ranges by endpoints 
includes all numbers within that range , including the end 
points ( e.g. , 1 to 5 includes 1 , 1.5 , 2 , 2.75 , 3 , 3.80 , 4 , and 5 ) . 
[ 0037 ] Although some suitable dimensions , ranges , and / or 
values pertaining to various components , features and / or 
specifications are disclosed , one of skill in the art , incited by 
the present disclosure , would understand desired dimen 
sions , ranges , and / or values may deviate from those 
expressly disclosed . 
[ 0038 ] As used in this specification and the appended 
claims , the singular forms " a " , " an " , and " the " include plural 
referents unless the content clearly dictates otherwise . As 
used in this specification and the appended claims , the term 
" or ” is generally employed in its sense including “ and / or ” 
unless the content clearly dictates otherwise . It is to be noted 
that in order to facilitate understanding , certain features of 
the disclosure may be described in the singular , even though 
those features may be plural or recurring within the dis 
closed embodiment ( s ) . Each instance of the features may 
include and / or be encompassed by the singular disclosure ( s ) , 
unless expressly stated to the contrary . For simplicity and 
clarity purposes , not all elements of the disclosed invention 
are necessarily shown in each figure or discussed in detail 
below . 
[ 0039 ] However , it will be understood that the following 
discussion may apply equally to any and / or all of the 
components for which there are more than one , unless 
explicitly stated to the contrary . Additionally , not all 
instances of some elements or features may be shown in 
each figure for clarity . 
[ 0040 ] Relative terms such as " proximal ” , " distal ” , 
“ advance ” , “ retract ” , variants thereof , and the like , may be 
generally considered with respect to the positioning , direc 
tion , and / or operation of various elements relative to a 
user / operator / manipulator of the device , wherein " proxi 
mal " and " retract ” indicate or refer to closer to or toward the 
user and “ distal " and " advance ” indicate or refer to farther 
from or away from the user . In some instances , the terms 
" proximal " and " distal " may be arbitrarily assigned in an 
effort to facilitate understanding of the disclosure , and such 
instances will be readily apparent to the skilled artisan . 
Other relative terms , such as “ upstream ” , “ downstream ” , 
“ inflow ” , and “ outflow ” refer to a direction of fluid flow 
within a lumen , such as a body lumen , a blood vessel , or 
within a device . 
[ 0041 ] The term “ extent ” may be understood to mean a 
greatest measurement of a stated or identified dimension , 
unless the extent or dimension in question is preceded by or 
identified as a " minimum " , which may be understood to 
mean a smallest measurement of the stated or identified 
dimension . For example , " outer extent " may be understood 
to mean an outer dimension , “ radial extent " may be under 
stood to mean a radial dimension , “ longitudinal extent may 
be understood to mean a longitudinal dimension , etc. Each 
instance of an " extent " may be different ( e.g. , axial , longi 

DETAILED DESCRIPTION 

[ 0033 ] The following description should be read with 
reference to the drawings , which are not necessarily to scale , 
wherein like reference numerals indicate like elements 
throughout the several views . The detailed description and 
drawings are intended to illustrate but not limit the claimed 
invention . Those skilled in the art will recognize that the 
various elements described and / or shown may be arranged 
in various combinations and configurations without depart 
ing from the scope of the disclosure . The detailed descrip 
tion and drawings illustrate example embodiments of the 
claimed invention . However , in the interest of clarity and 
ease of understanding , while every feature and / or element 
may not be shown in each drawing , the feature ( s ) and / or 
element ( s ) may be understood to be present regardless , 
unless otherwise specified . As such , in any given figure , 
some features may not be shown , or may be shown sche 
matically , for simplicity . Additional details regarding some 
components , configurations , and / or embodiments may be 
illustrated in other figures in greater detail . 
[ 0034 ] For the following defined terms , these definitions 
shall be applied , unless a different definition is given in the 
claims or elsewhere in this specification . 
[ 0035 ] All numeric values are herein assumed to be modi 
fied by the term “ about , " whether or not explicitly indicated . 
The term " about " , in the context of numeric values , gener 
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tudinal , lateral , radial , circumferential , etc. ) and will be 
apparent to the skilled person from the context of the 
individual usage . Generally , an " extent may be considered 
a greatest possible dimension measured according to the 
intended usage , while a “ minimum extent " may be consid 
ered a smallest possible dimension measured according to 
the intended usage . In some instances , an " extent ” may 
generally be measured orthogonally within a plane and / or 
cross - section , but may be , as will be apparent from the 
particular context , measured differently — such as , but not 
limited to , angularly , radially , circumferentially ( e.g. , along 
an arc ) , etc. 
[ 0042 ] The terms “ monolithic ” and “ unitary ” shall gener 
ally refer to an element or elements made from or consisting 
of a single structure or base unit / element . A monolithic 
and / or unitary element shall exclude structure and / or fea 
tures made by assembling or otherwise joining multiple 
discrete structures or elements together . 
[ 0043 ] It is noted that references in the specification to “ an 
embodiment " , " some embodiments ” , “ other embodiments ” , 
etc. , indicate that the embodiment ( s ) described may include 
a particular feature , structure , or characteristic , but every 
embodiment may not necessarily include the particular 
feature , structure , or characteristic . Moreover , such phrases 
are not necessarily referring to the same embodiment . Fur 
ther , when a particular feature , structure , or characteristic is 
described in connection with an embodiment , it would be 
within the knowledge of one skilled in the art to effect the 
particular feature , structure , or characteristic in connection 
with other embodiments , whether or not explicitly 
described , unless clearly stated to the contrary . That is , the 
various individual elements described below , even if not 
explicitly shown in a particular combination , are neverthe 
less contemplated as being combinable or arrangeable with 
each other to form other additional embodiments or to 
complement and / or enrich the described embodiment ( s ) , as 
would be understood by one of ordinary skill in the art . 
[ 0044 ] For the purpose of clarity , certain identifying 
numerical nomenclature ( e.g. , first , second , third , fourth , 
etc. ) may be used throughout the description and / or claims 
to name and / or differentiate between various described 
and / or claimed features . It is to be understood that the 
numerical nomenclature is not intended to be limiting and is 
exemplary only . In some embodiments , alterations of and 
deviations from previously - used numerical nomenclature 
may be made in the interest of brevity and clarity . That is , 
a feature identified as a “ first ” element may later be referred 
to as a " second " element , a " third ” element , etc. or may be 
omitted entirely , and / or a different feature may be referred to 
as the “ first ” element . The meaning and / or designation in 
each instance will be apparent to the skilled practitioner . 
[ 0045 ] FIG . 1 is a schematic view of a fluid management 
system . The fluid management system may include a fluid 
reservoir , such as a fluid source 10. The fluid source 10 may 
include a filtering element 12 sized and configured to filter 
impurities , debris , or other unwanted elements from a fluid 
14 so that filtered fluid 14 may be recirculated through the 
fluid management system . In some instances , the filtering 
element 12 may be located in the fluid reservoir to filter fluid 
returning to the reservoir . In other instances , the filtering 
element 12 may be arranged in the fluid pathway of fluid 
returning to the fluid source 10. The fluid management 
system may include a fluid pump 20 capable of generating 
a non - continuous or pulsatile flow of fluid . In some 

instances , the fluid pump 20 may be a roller or peristaltic 
pump , or a membrane pump , for example . In at least some 
embodiments , the fluid pump 20 may be capable of gener 
ating a pulsatile flow of fluid in both a distal direction ( i.e. , 
fluid inflow from the pump to a patient ) and a proximal 
direction ( i.e. , fluid outflow from a patient to the pump ) . In 
some embodiments , the fluid management system may 
include a fluid pathway for transporting the pulsatile flow of 
fluid from the fluid source 10 through the fluid pump 20 to 
a medical device 30 , such as an endoscope , a tissue resection 
device , etc. In some embodiments , the fluid pathway may 
include an inflow or infusion line 22 disposed between the 
fluid source 10 and / or the filtered fluid and the fluid pump 
20. The infusion line 22 may be configured for single 
direction and / or flow of fluid in a distal direction ( e.g. , 
infusion , positive pressure , etc. ) from the fluid source 10 to 
the fluid pump 20. In some embodiments , the infusion line 
22 may include a one - way valve configured to prevent 
retrograde or proximal flow of fluid back toward and / or into 
the fluid source 10. In some embodiments , the one - way 
valve may be disposed within the infusion line 22 , at a 
proximal end or a distal end of the infusion line 22 , within 
the fluid source 10 , and / or within the fluid pump 20. In some 
embodiments , the fluid pathway may include an outflow or 
return line 24 disposed between the fluid source 10 and the 
fluid pump 20. The return line 24 may be configured for 
single - direction and / or flow of fluid in a proximal direction 
( e.g. , suction , negative pressure , etc. ) from the fluid pump 20 
to the fluid source 10. In some embodiments , the return line 
24 may include a one - way valve configured to prevent distal 
flow of fluid back toward and / or into the fluid pump 20. In 
some embodiments , the one - way valve may be disposed 
within the return line 24 , at a proximal end or a distal end 
of the return line 24 , within the fluid source 10 , and / or within 
the fluid pump 20 . 
[ 0046 ] In some embodiments , the fluid pathway may 
include a first segment 26 disposed between the fluid pump 
20 and a dampening element 100 disposed between the fluid 
pump 20 and the medical device 30. The first segment 26 of 
the fluid pathway may be configured for fluid flow in both 
the distal direction and the proximal direction depending on 
the control of the fluid pump 20 , such as the rotational 
direction of the fluid pump 20. The fluid pathway may 
include a second segment 28 disposed between the damp 
ening element 100 and the medical device 30. The second 
segment 28 of the fluid pathway may be configured for fluid 
flow in both the distal direction and the proximal direction 
depending on the control of the fluid pump 20 , such as the 
rotational direction of the fluid pump 20. In some embodi 
ments , additional segments may be included between indi 
vidual elements and / or structures of the fluid management 
system . In some embodiments , the fluid pathway may 
optionally include a connector 102 configured to attach , 
couple , and / or assemble various elements of the fluid man 
agement system . The connector 102 ( and / or multiple con 
nectors 102 ) may permit the addition of and / or the inter 
changeability of multiple elements of the fluid management 
system . For example , the dampening element 100 may be 
attached , coupled , and / or assembled to the first segment 26 
of the fluid pathway with a first connector 102 disposed 
therebetween . Similarly , a second connector 102 ( e.g. , FIGS . 
3-15 ) may be disposed between the dampening element 100 
and the second segment 28 of the fluid pathway . In some 
embodiments , the dampening element 100 may include the 
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first connector 102 and / or the second connector 102. For 
example , in some embodiments , the connector 102 ( the first 
and / or the second connector ( s ) 102 discussed above ) may be 
incorporated into and / or monolithically formed with the 
dampening element 100 such that lengths of tubing , defining 
the fluid pathways from the dampening element 100 , be 
attached to the dampening element 100 and extend there 
from . Other arrangements and / or configurations are also 
contemplated 
[ 0047 ] In some embodiments , the fluid management sys 
tem may include a fluid flow sensor 190 disposed along the 
fluid pathway between the dampening element 100 and the 
medical device 30 to measure a flow rate of the pulsatile 
fluid flow in the distal direction ( i.e. fluid inflow ) , in the 
proximal direction ( i.e. , fluid outflow ) , and / or in both flow 
directions ( e.g. , in the distal direction and the proximal 
direction ) . In one example , there is a single fluid pathway 
which carries flow in both the distal direction and the 
proximal direction , and the fluid flow sensor 190 is capable 
of measuring the flow rate of the pulsatile fluid flow in either 
flow direction or in both flow directions of the fluid pathway . 
Other arrangements and / or configurations are also contem 
plated 
[ 0048 ] In some embodiments , the fluid management sys 
tem may include a controller 40. The controller 40 may be 
operatively connected to and / or in communication with the 
fluid flow sensor 190 and the fluid pump 20. The fluid flow 
sensor 190 may output a signal to the controller 40 indicative 
of the flow rate of the pulsatile fluid flow through the second 
segment 28 of the fluid pathway . The controller 40 may be 
configured to adjust and / or control the fluid pump 20 in 
order to adjust and / or control the pulsatile fluid flow to a 
desired flow rate . In some embodiments , if the flow rate of 
the pulsatile fluid flow is outside of a predetermined range , 
the controller 40 may stop the fluid pump 20 and / or termi 
nate the pulsatile fluid flow . 
[ 0049 ] In some embodiments , the fluid management sys 
tem may include one or more , or a plurality of pressure 
sensors in the fluid pathway for measuring the pressure of 
the fluid therein . The pressure sensor ( s ) may output a signal 
to the controller 40 indicative of the pressure of the pulsatile 
fluid flow through the fluid pathway . The controller 40 may 
be configured to adjust and / or control the fluid pump 20 in 
order to adjust and / or control the pulsatile fluid flow based 
on the sensed fluid pressure . In some embodiments , if the 
pressure of the pulsatile fluid flow is outside of a predeter 
mined range , the controller 40 may stop the fluid pump 20 
and / or terminate the pulsatile fluid flow . 
[ 0050 ] In some instances the fluid pump 20 and the 
controller 40 may be capital equipment intended for multiple 
uses , whereas the dampening element 100 , flow sensor 190 
and associated tubing forming the fluid pathway may be part 
of a disposable tubing set intended to be disposed of after 
use . Thus , a new tubing set , including a new dampening 
element 100 , flow sensor 190 and associated tubing may be 
used for each medical procedure , while the fluid pump 20 
and controller 40 are reused . 
[ 0051 ] FIG . 2A illustrates a graph of positive fluid flow Q 
( e.g. , infusion ) versus time T over one cycle of the fluid 
pump 20 with and without the dampening element 100 . 
Without the dampening element 100 , the graph has a pro 
nounced curve showing fluctuations in fluid pressure and / or 
fluid flow through the cycle . A pulsatile pressure cycle C 
may have positive and negative slopes indicated by the solid 

line Q1 — which represents flow without the dampening 
element 100. The pulsatile pressure cycle C , if undampened , 
causes the fluid flow rate to increase above and fall below 
the dotted line Q2 — which represents desired smoothened 
flow with the dampening element 100. With the dampening 
element 100 in place , a portion of the fluid volume ( + dv ) is 
“ stored ” within the dampening element 100 , as will be 
discussed herein , as the flow rate rises above the dotted line 
Q2 , thereby limiting the flow rate past the dampening 
element 100 to the dotted line Q2 . The stored fluid volume 
( + dv ) may be returned to the fluid flow when the pulsatile 
pressure cycle C decreases below the dotted line Q2 , which 
would otherwise create a negative volume ( -dv ) , if not 
dampened by the dampening element 100. The use of the 
dampening element 100 allows the “ stored ” fluid volume 
( + dv ) to be " given back ” to the fluid pathway and negate the 
negative volume ( -dv ) to smoothen the flow rate at or near 
the desired flow rate represented by the dotted line Q2 . 
Accordingly , the dampening element 100 permits the fluid 
flow Q to be maintained at a more consistent level with 
pressure and / or fluid flow fluctuations that are reduced in 
quantity and / or magnitude . 
[ 0052 ] When a positive pressure pulse ( e.g. , distal flow ) is 
created during infusion , fluid enters one or more barrels of 
the dampening element 100 , displacing fluid volume within 
the one or more barrels to move a movable seal member 
and / or a biasing member , thereby storing fluid to compen 
sate for the positive volume ( + dv ) with respect to the desired 
flow Q2 . When the positive pulsatile fluid pressure and / or 
flow decreases below the desired flow Q2 , the biasing 
member of the dampening element 100 pushes fluid out of 
the one or more barrels of the dampening element 100 and 
back into the fluid pathway , thereby releasing stored fluid to 
compensate for the negative volume ( -dv ) with respect to 
the desired flow Q2 . The discharge will create a smoother 
and / or steady fluid flow at the fluid flow sensor 190 down 
stream of the dampening element 100. The biasing member 
( via the movable seal member ) responds to an increased 
state of the pulsatile fluid flow in the fluid pathway by 
deflecting and permitting the movable seal member to move 
away from its initial state or position , and later returns the 
movable seal member to its initial state or position in a 
decreased state of the pulsatile fluid flow in the fluid 
pathway . 
[ 0053 ] FIG . 2B illustrates a graph of negative fluid flow Q 
( e.g. , suction ) versus time Tover one cycle of the fluid pump 
20 with and without the dampening element 100. Without 
the dampening element 100 , the graph has a pronounced 
curve showing fluctuations in fluid pressure and / or fluid flow 
through the cycle . A pulsatile pressure cycle C may have 
negative and positive slopes indicated by the solid line 
Q1 -which represents flow without the dampening element 
100. The pulsatile pressure cycle C , if undampened , causes 
the fluid flow rate to increase above and fall below the dotted 
line Q2 ' — which represents desired smoothened flow with 
the dampening element 100. With the dampening element 
100 in place , a portion of the fluid volume ( + dv ) is “ stored ” 
within the dampening element 100 , as will be discussed 
herein , as the flow rate rises above the dotted line Q2 ' and 
then returned to the fluid flow when the pulsatile pressure 
cycle C decreases below the dotted line Q2 ' , which would 
otherwise create a negative volume ( -dv ) . The dampening 
element 100 may be configured to release a portion of the 
stored fluid volume into the fluid flow path to compensate 
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for the negative fluid volume ( -dv ) with respect to the 
desired flow Q2 ' , thereby maintaining the flow rate distal of 
the dampening element 100 to the dotted line Q2 ' . With the 
dampening element 100 in place , a portion of the fluid 
volume ( + dv ) is “ stored " within the dampening element 100 , 
and then allow the " stored ” fluid volume ( + dv ) to be “ given 
back ” or released to the fluid pathway to offset and / or 
compensate for the negative volume ( -dv ) to smoothen the 
flow rate at or near the desired flow rate represented by the 
dotted line Q2 ' . Accordingly , the dampening element 100 
permits the fluid flow Q to be maintained at a more consis 
tent level with pressure and / or fluid flow fluctuations that are 
reduced in quantity and / or magnitude . 
[ 0054 ] When the negative pulsatile fluid pressure and / or 
flow increases ( e.g. , the negative slope ) during aspiration or 
suction ( e.g. , proximal flow ) , fluid is drawn out of one or 
more barrels of the dampening element 100 and back into 
the fluid pathway , thereby releasing stored fluid to compen 
sate for the negative volume ( -dv ) with respect to the 
desired flow Q2 ' . The release will create a smoother and / or 
steady fluid flow at the fluid flow sensor 190 downstream of 
the dampening element 100. When a negative pressure pulse 
( e.g. , proximal flow ) during aspiration or suction subsides 
( e.g. , negative pressure diminishes ) , fluid enters the one or 
more barrels of the dampening element 100 , filling the fluid 
volume within the one or more barrels as a biasing member 
displaces a movable seal member away from the fluid 
pathway , thereby storing fluid to later compensate for the 
negative volume ( -dv ) with respect to the desired flow Q2 ' 
as negative pressure increases . The biasing member ( via the 
movable seal member ) responds to a decreased state of the 
negative pulsatile fluid flow in the fluid pathway by urging 
the movable seal member to move away from the fluid 
pathway , and later permits the movable seal member to be 
drawn toward the fluid pathway in an increased state of the 
pulsatile fluid flow in the fluid pathway . 
[ 0055 ] The dampening element 100 may be capable of 
actively dampening the pressure fluctuations of the pulsatile 
fluid flow in the distal direction ( e.g. , inflow or infusion ) , in 
the proximal direction ( e.g. , outflow or aspiration ) , and / or in 
both flow directions ( e.g. , in the distal direction and the 
proximal direction ) , depending upon the configuration of the 
dampening element 100 used . 
[ 0056 ] FIG . 3 illustrates a partial cross - sectional view of 
one example of the dampening element 100. The dampening 
element 100 may be positioned and / or disposed between the 
first segment 26 of the fluid pathway and the second segment 
28 of the fluid pathway . The dampening element 100 may be 
in fluid communication with the fluid pathway , and in some 
instances the dampening element 100 may be provided as a 
disposable tubing set with tubing extending from the damp 
ening element 100 defining the first segment 26 and / or the 
second segment 28 , which may be removably engaged with 
the fluid pump 20 for moving fluid therethrough . The 
dampening element 100 may comprise one or more cham 
bers , such as cylinders or barrels 110 having an opening or 
port ( such as a single opening or port ) in fluid communica 
tion with the fluid pathway , each barrel 110 including a 
movable seal member 120 disposed within the barrel 110 
( and / or a lumen defined by an inner surface of the barrel 
110 ) , a biasing member 130 disposed within the barrel 110 
( and / or the lumen defined by the barrel 110 ) and engaged 
with the movable seal member 120 , and a cap 140 secured 
to the barrel 110 opposite the fluid pathway . The lumen of 

the barrel 110 may be a cylindrical lumen with the movable 
seal member 120 sealingly engaged with the cylindrical 
inner surface defining the lumen . The cap 140 may be 
selectively lockable onto the barrel 110 and / or removable 
from the barrel . As mentioned above , in some embodiments , 
the dampening element 100 may include the first connector 
102 and / or the second connector 102 for connecting the 
dampening element 100 with tubing of the tubing set . In the 
example of FIG . 3 , the first connector 102 may couple 
proximal tubing to the dampening element 100 and extend 
proximally therefrom to the pump 20 and the second con 
nector 102 may couple distal tubing to the dampening 
element and extend distally therefrom to the medical device 
30. Although the first connector 102 and the second con 
nector 102 are illustrated , this is not intended to be limiting . 
Some suitable , but non - limiting , examples of materials for 
the dampening element 100 , the one or more barrels 110 , the 
movable seal member 120 , the biasing member 130 , and / or 
the cap 140 are discussed below . 
[ 0057 ] In some embodiments , a first end 112 of each of the 
one or more barrels 110 ( and / or each of the lumens defined 
by the one or more barrels 110 ) may include a port in fluid 
communication with the fluid pathway , and the cap 140 may 
be secured to an opposing second end 114 of the barrel 110 
( and / or the lumen defined by the barrel 110 ) . The movable 
seal member 120 may be disposed within the barrel 110 
( and / or the lumen defined by the barrel 110 ) between the 
port leading to the fluid pathway and the cap 140. The 
movable seal member 120 may be configured to sealingly 
engage an inner surface and / or an inner wall of the barrel 
110. In some embodiments , the movable seal member 120 
may include at least one sealing element 122 extending 
around a perimeter of the movable seal member 120 and 
configured to sealingly engage the inner surface and / or the 
inner wall of the barrel 110. For example , in some embodi 
ments , the at least one sealing element 122 may include at 
least one O - ring ( e.g. , one O - ring , two O - rings , three 
O - rings , etc. ) extending around the movable seal member 
120 and configured to sealingly engage the inner surface 
and / or the inner wall of the barrel 110. Some suitable , but 
non - limiting , examples of materials for the at least one 
sealing element 122 include but are not limited to thermoset 
elastomers , silicone rubbers , butyl rubbers , and / or polyiso 
prene . 

[ 0058 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 
100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
In the example of FIG . 3 , the biasing member 130 may be 
an elastic element . In some embodiments , the elastic ele 
ment may be a spring ( e.g. , compression spring ) , a com 
pressible member , or other similar structure or element . In 
the example of FIG . 3 , the elastic element may be secured 
in compression or equilibrium within the barrel 110 between 
the movable seal member 120 and the cap 140. Accordingly , 
the dampening element 100 may be configured to actively 
dampen pressure fluctuations of the pulsatile fluid flow in 
the distal direction ( e.g. , positive flow ; during infusion ) . The 
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biasing member 130 may bias and / or urge the movable seal 
member 120 toward and / or into an initial position proximate 
the first end 112 or otherwise position the movable seal 
member 120 toward the first end 112. The movable seal 
member 120 , in the initial position , may be at the first end 
112 of the barrel 110 immediately adjacent to the port of the 
barrel 110 in fluid communication with the fluid pathway 
and / or the first segment 26 and / or the second segment 28 . 
[ 0059 ] As fluid flow and / or pressure increases , fluid may 
flow into the barrel 110 through the port and apply a force 
against the movable seal member 120 , thereby urging the 
movable seal member 120 away from the fluid pathway 
and / or away from the initial position at the first end 112 and 
toward the second end 114 of the barrel 110 when the force 
exceeds the biasing force of the biasing member 130 , and the 
biasing member 130 may be compressed . This permits a 
portion of the fluid volume to be stored within the one or 
more barrels 110 of the dampening element 100 to compen 
sate for the positive volume ( + dv ) , which results in a 
reduced peak pressure and / or flow rate through the fluid 
pathway downstream of the dampening element 100. The 
fluid volume that may be “ stored ” within the dampening 
element 100 may be calculated as the product of the cross 
sectional area of the lumen of the barrel 110 and the axial 
displacement , length , or distance the movable seal member 
120 is moved away from the initial position ( e.g. , dv = A * L ) . 
The biasing force exerted by the elastic element ( e.g. , the 
biasing member 130 ) may be calculated using Hooke's law 
( e.g. , F = -kx ; where k is the rate or spring constant and x is 
the displacement length of the elastic element from its 
equilibrium position ) . 
[ 0060 ] In at least some embodiments wherein the biasing 
member 130 includes the elastic element , the cap 140 may 
include a vent fluidly connecting the interior of the barrel 
110 ( e.g. , the lumen defined by the barrel 110 ) with outside 
atmosphere to prevent compressed gas from modifying or 
influencing the biasing force of the elastic element . For 
example , a portion of the barrel 110 and / or the lumen 
defined by the barrel 110 further defined by a side of the 
movable seal member 120 opposite the fluid pathway and / or 
the at least one sealing element 122 axially farthest away 
from the fluid pathway may be excluded from the fluid 
pathway and / or may not be fluidtight . Alternatively , in some 
embodiments , the cap 140 may include a seal member 
rendering the portion of the barrel 110 and / or the lumen 
defined by the barrel 110 further defined by the side of the 
movable seal member 120 opposite the fluid pathway and / or 
the at least one sealing element 122 axially farthest away 
from the fluid pathway fluidtight , and any trapped gas within 
the barrel 110 may add to the biasing force of the elastic 
element as the elastic element and the trapped gas within the 
barrel 110 are compressed by axial translation of the mov 
able seal member 120 toward the second end 114 . 
[ 0061 ] FIG . 4 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The damp 
ening element 100 may be positioned and / or disposed 
between the first segment 26 of the fluid pathway and the 
second segment 28 of the fluid pathway . The dampening 
element 100 may be in fluid communication with the fluid , 
and in some instances the dampening element 100 may be 
provided as a disposable tubing set with tubing extending 
from the dampening element 100 defining the first segment 
26 and / or the second segment 28 , which may be removably 
engaged with the fluid pump 20 for moving fluid there 

through . The dampening element 100 may comprise one or 
more chambers , such as cylinders or barrels 110 having an 
opening or port ( such as a single opening or port ) in fluid 
communication with the fluid pathway , each barrel 110 
including a movable seal member 120 disposed within the 
barrel 110 ( and / or a lumen defined by an inner surface of the 
barrel 110 ) , a biasing member 130 disposed within the barrel 
110 ( and / or the lumen defined by the barrel 110 ) and 
engaged with the movable seal member 120 , and a cap 140 
secured to the barrel 110 opposite the fluid pathway . The 
lumen of the barrel 110 may be a cylindrical lumen with the 
movable seal member 120 sealingly engaged with the cylin 
drical inner surface defining the lumen . The cap 140 may be 
selectively lockable onto the barrel 110 and / or removable 
from the barrel . As mentioned above , in some embodiments , 
the dampening element 100 may include the first connector 
102 and / or the second connector 102 for connecting the 
dampening element 100 with tubing of the tubing set . In the 
example of FIG . 4 , the first connector 102 may couple 
proximal tubing to the dampening element 100 and extend 
proximally therefrom to the pump 20 and the second con 
nector 102 may couple distal tubing to the dampening 
element and extend distally therefrom to the medical device 
30. Although the first connector 102 and the second con 
nector 102 are illustrated , this is not intended to be limiting . 
Some suitable , but non - limiting , examples of materials for 
the dampening element 100 , the one or more barrels 110 , the 
movable seal member 120 , the biasing member 130 , and / or 
the cap 140 are discussed below . 
[ 0062 ] In some embodiments , the first end 112 of each of 
the one or more barrels 110 ( and / or each of the lumens 
defined by the one or more barrels 110 ) may include a port 
in fluid communication with the fluid pathway , and the cap 
140 may be secured to the opposing second end 114 of the 
barrel 110 ( and / or the lumen defined by the barrel 110 ) . The 
movable seal member 120 may be disposed within the barrel 
110 ( and / or the lumen defined by the barrel 110 ) between the 
port leading to the fluid pathway and the cap 140. The 
movable seal member 120 may be configured to sealingly 
engage the inner surface and / or the inner wall of the barrel 
110. In some embodiments , the movable seal member 120 
may include at least one sealing element 122 extending 
around the perimeter of the movable seal member 120 and 
configured to sealingly engage the inner surface and / or the 
inner wall of the barrel 110. For example , in some embodi 
ments , the at least one sealing element 122 may include at 
least one O - ring ( e.g. , one O - ring , two O - rings , three 
O - rings , etc. ) extending around the movable seal member 
120 and configured to sealingly engage the inner surface 
and / or the inner wall of the barrel 110. Some suitable , but 
non - limiting , examples of materials for the at least one 
sealing element 122 include but are not limited to thermoset 
elastomers , silicone rubbers , butyl rubbers , and / or polyiso 
prene . 
[ 0063 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 
100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
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In the example of FIG . 4 , the biasing member 130 may be 
an elastic element . In some embodiments , the elastic ele 
ment may be a spring ( e.g. , compression spring ) , a com 
pressible member , or other similar structure or element . In 
the example of FIG . 4 , the elastic element may be secured 
in compression or equilibrium within the barrel 110 between 
the movable seal member 120 and first end 112 of the barrel 
110. Accordingly , the dampening element 100 may be 
configured to actively dampen pressure fluctuations of the 
pulsatile fluid flow in the proximal direction ( e.g. , negative 
flow ; during suction ) . The biasing member 130 may bias 
and / or urge the movable seal member 120 toward and / or into 
an initial position proximate the second end 114 or otherwise 
position the movable seal member 120 toward the second 
end 114. The movable seal member 120 , in the initial 
position , may be at the second end 114 of the barrel 110 
immediately adjacent to and / or in contact with the cap 140 . 
[ 0064 ] During pulsatile fluid flow in the distal direction 
( e.g. , positive flow ; during infusion ) and / or during periods 
of low flow and low suction in the proximal direction ( e.g. , 
negative flow ; during suction ) , fluid may flow into and / or be 
stored within the barrel 110 and / or the lumen defined by the 
barrel 110 between the first end 112 and the movable seal 
member 120. As the suction or negative pressure increases 
in magnitude to a point where the suctioning force exceeds 
the biasing force of the biasing member 130 , fluid may be 
drawn out of the barrel 110 , thereby “ pulling " the movable 
seal member 120 away from the cap 140 and / or away from 
the initial position at the second end 114 and toward the first 
end 112 of the barrel 110 , and the biasing member 130 may 
be compressed . This permits a portion of the fluid volume to 
be released from the one or more barrels 110 of the damp 
ening element 100 to compensate for the negative volume 
( -dv ) , which results in a smoothened pressure and / or flow 
rate through the fluid pathway . 
[ 0065 ] In at least some embodiments wherein the biasing 
member 130 includes the elastic element , the cap 140 may 
include a vent fluidly connecting the interior of the barrel 
110 ( e.g. , the lumen defined by the barrel 110 ) with outside 
atmosphere to pre nt compressed gas from modifying or 
influencing the biasing force of the elastic element . For 
example , the portion of the barrel 110 and / or the lumen 
defined by the barrel 110 further defined by the side of the 
movable seal member 120 opposite the fluid pathway and / or 
the at least one sealing element 122 axially farthest away 
from the fluid pathway may be excluded from the fluid 
pathway and / or may not be fluidtight . Alternatively , in some 
embodiments , the cap 140 may include a seal member 
rendering the portion of the barrel 110 and / or the lumen 
defined by the barrel 110 further defined by the side of the 
movable seal member 120 opposite the fluid pathway and / or 
the at least one sealing element 122 axially farthest away 
from the fluid pathway fluidtight , and any gas ( or lack 
thereof ) trapped within the barrel 110 may add to the biasing 
force of the elastic element as the elastic element and the 
trapped gas within the barrel 110 is expanded and / or sub 
jected to vacuum by axial translation of the movable seal 
member 120 toward the first end 112 . 
[ 0066 ] FIG . 5 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The damp 
ening element 100 may be positioned and / or disposed 
between the first segment 26 of the fluid pathway and the 
second segment 28 of the fluid pathway . In some instances 
the dampening element 100 may be provided as a disposable 

tubing set with tubing extending from the dampening ele 
ment 100 defining the first segment 26 and / or the second 
segment 28 , which may be removably engaged with the fluid 
pump 20 for moving fluid therethrough . Similar to other 
embodiments herein , the dampening element 100 may com 
prise one or more barrels 110 , each barrel 110 including the 
movable seal member 120 disposed within the barrel 110 
( and / or a lumen defined by the barrel 110 ) , the biasing 
member 130 disposed within the barrel 110 ( and / or the 
lumen defined by the barrel 110 ) and engaged with the 
movable seal member 120 , and the cap 140 secured to the 
barrel 110 opposite the fluid pathway . The lumen of the 
barrel 110 may be a cylindrical lumen with the movable seal 
member 120 sealingly engaged with the cylindrical inner 
surface defining the lumen . The first end 112 of each of the 
one or more barrels 110 ( and / or each of the lumens defined 
by the one or more barrels 110 ) may include a port in fluid 
communication with the fluid pathway , and the cap 
be secured to the opposing second end 114 of the barrel 110 
( and / or the lumen defined by the barrel 110 ) . The movable 
seal member 120 may be disposed within the barrel 110 
( and / or the lumen defined by the barrel 110 ) between the 
port leading to the fluid pathway and the cap 140. The 
movable seal member 120 may be configured to sealingly 
engage an inner surface and / or an inner wall of the barrel 
110. In some embodiments , the movable seal member 120 
may include at least one sealing element 122 extending 
around the perimeter of the movable seal member 120 and 
configured to sealingly engage the inner surface and / or the 
inner wall of the barrel 110. For example , in some embodi 
ments , the at least one sealing element 122 may include at 
least one O - ring ( e.g. , one O - ring , two O - rings , three 
O - rings , etc. ) extending around the movable seal member 
120 and configured to sealingly engage the inner surface 
and / or the inner wall of the barrel 110 . 

[ 0067 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 
100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
In the example of FIG . 5 , the biasing member 130 may be 
a trapped gas within the barrel 110 and / or the lumen defined 
by the barrel 110. In some embodiments , the trapped gas 
may be a compressed gas ( i.e. , a gas at a pressure greater 
than 14.7 psi ) or a gas at atmospheric pressure ( 14.7 psi ) , 
such as atmospheric air . In the example of FIG . 5 , the biasing 
member 130 ( i.e. , the trapped gas ) may be disposed in within 
the barrel 110 between the movable seal member 120 and the 
cap 140. In some embodiments the volume may be filled 
with atmospheric air during assembly and then trapped when 
the cap 140 is secured to the barrel 110. Accordingly , the 
dampening element 100 may be configured to actively 
dampen pressure fluctuations of the pulsatile fluid flow in 
the distal direction ( e.g. , positive flow ; during infusion ) . The 
biasing member 130 may bias and / or urge the movable seal 
member 120 toward and / or into an initial position proximate 
the first end 112. The movable seal member 120 , in the 
initial position , may be at the first end 112 of the barrel 110 
immediately adjacent to the port of the barrel 110 in fluid 



US 2020/0200313 A1 Jun . 25 , 2020 
8 

communication with the fluid pathway and / or the first seg 
ment 26 and / or the second segment 28 . 
[ 0068 ] As fluid flow and / or pressure increases , fluid may 
flow into the barrel 110 through the port and apply a force 
against the movable seal member 120 , thereby urging the 
movable seal member 120 away from the fluid pathway 
and / or away from the initial position at the first end 112 and 
toward the second end 114 of the barrel 110 , and the biasing 
member 130 ( i.e. , the trapped gas ) exerts a biasing force 
against the movable seal member 120. For example , the 
compressed gas may be further compressed between the 
movable seal member 120 and the cap 140 as the volume of 
trapped air decreases to apply the biasing force , or the 
atmospheric air may increase in pressure greater than atmo 
spheric pressure as the volume of trapped air decreases to 
apply the biasing force . This permits a portion of the fluid 
volume to be stored within the one or more barrels 110 of the 
dampening element 100 to compensate for the positive 
volume ( + dv ) , which results in a reduced peak pressure 
and / or flow rate through the fluid pathway downstream of 
the dampening element 100. The fluid volume that may be 
“ stored ” within the dampening element 100 may be calcu 
lated as the product of the cross - sectional area of the lumen 
of the barrel 110 and the axial displacement , length , or 
distance the movable seal member 120 is moved away from 
the initial position ( e.g. , dv = A * L ) . The relationship between 
the “ stored ” fluid volume ( dv ) and pressure change can be 
calculated using Boyle's law ( Po * VO ) = ( Pf * Vf ) , wherein 
Po = original pressure of compressed gas , Pf = final pressure of 
compressed gas , Vo = original volume of compressed gas , 
and Vf = final volume of compressed gas . The volume of 
stored fluid can be calculated using the equation : dv = Vo * 
( Pf - Po / Pf . 
[ 0069 ] In at least some embodiments wherein the biasing 
member 130 includes a trapped gas , the cap include 
a seal member rendering the portion of the barrel 110 and / or 
the lumen defined by the barrel 110 further defined by the 
side of the movable seal member 120 opposite the fluid 
pathway and / or the at least one sealing element 122 axially 
farthest away from the fluid pathway fluidtight , thereby 
permitting compression of the trapped gas therein as the 
fluid volume is stored in the dampening element 100. The 
biasing force of the compressed gas trapped within the barrel 
110 may be increased by axial translation of the movable 
seal member 120 toward the second end 114 , which reduces 
the volume of the trapped gas . 
[ 0070 ] FIG . 6 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The damp 
ening element 100 may be positioned and / or disposed 
between the first segment 26 of the fluid pathway and the 
second segment 28 of the fluid pathway . In some instances 
the dampening element 100 may be provided as a disposable 
tubing set with tubing extending from the dampening ele 
ment 100 defining the first segment 26 and / or the second 
segment 28 , which may be removably engaged with the fluid 
pump 20 for moving fluid therethrough . Similar to other 
embodiments herein , the dampening element 100 may com 
prise one or more barrels 110 , each barrel 110 including the 
movable seal member 120 disposed within the barrel 110 
( and / or the lumen defined by the barrel 110 ) , the biasing 
member 130 disposed within the barrel 110 ( and / or the 
lumen defined by the barrel 110 ) and engaged with the 
movable seal member 120 , and the cap 140 secured to the 
barrel 110 opposite the fluid pathway . The first end 112 of 

each of the one or more barrels 110 ( and / or each of the 
lumens defined by the one or more barrels 110 ) may include 
a port in fluid communication with the fluid pathway , and the 
cap 140 may be secured to the opposing second end 114 of 
the barrel 110 ( and / or the lumen defined by the barrel 110 ) . 
The movable seal member 120 may be disposed within the 
barrel 110 ( and / or the lumen defined by the barrel 110 ) 
between the port leading to the fluid pathway and the cap 
140. The movable seal member 120 may be configured to 
sealingly engage the inner surface and / or the inner wall of 
the barrel 110. The lumen of the barrel 110 may be a 
cylindrical lumen with the movable seal member 120 seal 
ingly engaged with the cylindrical inner surface defining the 
lumen . In some embodiments , the movable seal member 120 
may include at least one sealing element 122 extending 
around the perimeter of the movable seal member 120 and 
configured to sealingly engage the inner surface and / or the 
inner wall of the barrel 110. For example , in some embodi 
ments , the at least one sealing element 122 may include at 
least one O - ring ( e.g. , one O - ring , two O - rings , three 
O - rings , etc. ) extending around the movable seal member 
120 and configured to sealingly engage the inner surface 
and / or the inner wall of the barrel 110 . 
[ 0071 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 
100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
In the example of FIG . 6 , the biasing member 130 may be 
a gas at atmospheric pressure ( 14.7 psi ) , such as atmospheric 
air , or a vacuum or a partial vacuum trapped within the 
barrel 110 and / or the lumen defined by the barrel 110. In the 
example of FIG . 6 , the biasing member 130 may be disposed 
within the barrel 110 between the movable seal member 120 
and the cap 140. In some embodiments the volume may be 
filled with atmospheric air during assembly and then trapped 
when the cap 140 is secured to the barrel 110. Accordingly , 
the dampening element 100 may be configured to actively 
dampen pressure fluctuations of the pulsatile fluid flow in 
the proximal direction ( e.g. , negative flow ; during suction ) . 
The biasing member 130 may bias and / or urge the movable 
seal member 120 toward and / or into an initial position 
proximate the second end 114 or otherwise position the 
movable seal member 120 toward the second end 114. The 
movable seal member 120 , in the initial position , may be at 
the second end 114 of the barrel 110 immediately adjacent 
to and / or in contact with the cap 140 . 
[ 0072 ] During pulsatile fluid flow in the distal direction 
( e.g. , positive flow ; during infusion ) and / or during periods 
of low flow and low suction in the proximal direction ( e.g. , 
negative flow ; during suction ) , fluid may flow into the barrel 
110 and / or the lumen defined by the barrel 110 between the 
first end 112 and the movable seal member 120. The volume 
of gas forming the biasing element 130 generates a biasing 
force ( i.e. vacuum or partial vacuum ) as the movable seal 
member 120 is pulled toward the port leading to the fluid 
pathway . As the suction or negative pressure increases in 
magnitude to a point where the suctioning force exceeds the 
biasing force of the biasing member 130 , fluid may be drawn 

140 may 
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out of the barrel 110 , thereby " pulling ” the movable seal 
member 120 away from the cap 140 and / or away from the 
initial position at the second end 114 and toward the first end 
112 of the barrel 110. This permits a portion of the fluid 
volume to be released from the one or more barrels 110 of 
the dampening element 100 to compensate for the negative 
volume ( -dv ) , which results in a smoothened pressure 
and / or flow rate through the fluid pathway . 
[ 0073 ] In at least some embodiments wherein the biasing 
member 130 includes a gas at atmospheric pressure or the 
vacuum or the partial vacuum , the cap 140 may include a 
seal member rendering the portion of the barrel 110 and / or 
the lumen defined by the barrel 110 further defined by the 
side of the movable seal member 120 opposite the fluid 
pathway and / or the at least one sealing element 122 axially 
farthest away from the fluid pathway fluidtight , and the 
biasing force of the vacuum or partial vacuum trapped 
within the barrel 110 may be increased by axial translation 
of the movable seal member 120 toward the first end 112 . 
[ 0074 ] FIG . 7 illustrates a partial cross - sectional view of 
one example of the dampening element 100 that effectively 
combines the examples of FIGS . 5 and 6. The dampening 
element 100 may be positioned and / or disposed between the 
first segment 26 of the fluid pathway and the second segment 
28 of the fluid pathway such that the dampening element 100 
is in fluid communication with the fluid pathway . Similar to 
other embodiments described herein , the dampening ele 
ment 100 may comprise one or more barrels 110 , each barrel 
110 including the movable seal member 120 disposed within 
the barrel 110 ( and / or a lumen defined by the barrel 110 ) , the 
biasing member 130 disposed within the barrel 110 ( and / or 
the lumen defined by the barrel 110 ) and engaged with the 
movable seal member 120 , and the cap 140 secured to the 
barrel 110 opposite the fluid pathway . The first end 112 of 
each of the one or more barrels 110 ( and / or each of the 
lumens defined by the one or more barrels 110 ) may include 
a port in fluid communication with the fluid pathway , and the 
cap 140 may be secured to the opposing second end 114 of 
the barrel 110 ( and / or the lumen defined by the barrel 110 ) . 
The movable seal member 120 may be disposed within the 
barrel 110 ( and / or the lumen defined by the barrel 110 ) 
between the fluid pathway and the cap 140. The movable 
seal member 120 may be configured to sealingly engage an 
inner surface and / or an inner wall of the barrel 110. The 
lumen of the barrel 110 may be a cylindrical lumen with the 
movable seal member 120 sealingly engaged with the cylin 
drical inner surface defining the lumen . In some embodi 
ments , the movable seal member 120 may include at least 
one sealing element 122 extending around the perimeter of 
the movable seal member 120 and configured to alingly 
engage the inner surface and / or the inner wall of the barrel 
110. For example , in some embodiments , the at least one 
sealing element 122 may include at least one O - ring ( e.g. , 
one O - ring , two O - rings , three O - rings , etc. ) extending 
around the movable seal member 120 and configured to 
sealingly engage the inner surface and / or the inner wall of 
the barrel 110 . 

[ 0075 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 

100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
In the example of FIG . 7 , the biasing member 130 may be 
a trapped gas occupying a volume of space within the barrel 
110 and / or the lumen defined by the barrel 110 at equilib 
rium , such as at atmospheric pressure ( 14.7 psi ) . In some 
embodiments the volume may be filled with atmospheric air 
during assembly and then trapped when the cap 140 is 
secured to the barrel 110. In the example of FIG . 7 , the 
volume of trapped gas forming the biasing member 130 may 
be disposed in within the barrel 110 between the movable 
seal member 120 and the cap 140. Accordingly , the damp 
ening element 100 may be configured to actively dampen 
pressure fluctuations of the pulsatile fluid flow in the distal 
direction ( e.g. , positive flow ; during infusion ) , in the proxi 
mal direction ( e.g. , negative flow ; during suction ) , and / or in 
both flow directions during operation of the pump . The 
movable seal member 120 may translate axially within the 
barrel 110 in either direction , depending on whether the 
system is experiencing positive pressure and / or flow spikes 
or negative pressure and / or flow spikes . As the movable seal 
member 120 translates axially within the barrel 110 , the 
characteristics of the biasing member 130 and / or the trapped 
gas within the barrel 110 may be altered , resulting in 
compression of the trapped gas ( as a consequence of 
decreasing the volume of trapped gas ) or generating a 
vacuum or partial vacuum as a consequence of increasing 
the volume of trapped gas . For example , as the movable seal 
member 120 is displaced or translates axially toward the 
second end 114 , the trapped gas is compressed , thereby 
generating a biasing force urging the movable seal member 
120 towards the first end 112 and / or the initial position , and 
as the movable seal member 120 is displaced or translates 
axially toward the first end 112 , the trapped gas is expanded 
and / or subjected to a vacuum or partial vacuum , thereby 
generating a biasing force urging the movable seal member 
120 towards the second end 114 and / or the initial position . 
[ 0076 ] As the fluid flow and / or pressure increases , fluid 
may flow into the barrel 110 through the port and apply a 
force against the movable seal member 120 , thereby urging 
the movable seal member 120 away from the fluid pathway 
and / or away from the initial , equilibrium position ( interme 
diate the first end 112 and the second end 114 ) and toward 
the second end 114 of the barrel 110 , and the biasing member 
130 ( i.e. , the gas ) may be compressed between the movable 
seal member 120 and the cap 140 exerting a biasing force 
against the movable seal member 120. This permits a portion 
of the fluid volume to be stored within the one or more 
barrels 110 of the dampening element 100 to compensate for 
the positive volume ( + dv ) , which results in a reduced peak 
pressure and / or flow rate through the fluid pathway down 
stream of the dampening element 100. The fluid volume that 
may be “ stored ” within the dampening element 100 may be 
calculated as the product of the cross - sectional area of the 
lumen of the barrel 110 and the axial displacement , length , 
or distance the movable seal member 120 is moved away 
from the initial position ( e.g. , dv = A * L ) . The relationship 
between the “ stored ” fluid volume ( dv ) and pressure change 
can be calculated using Boyle's law ( Po * Vo ) = ( Pf * Vf ) , 
wherein Po = original pressure of compressed gas , Pf = final 
pressure of compressed gas , Vo = original volume of com 
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pressed gas , and Vf = final volume of compressed gas . The 
volume of stored fluid can be calculated using the equation : 
dv = Vo * ( Pf - Poy / Pf . 
[ 0077 ] As the suction and / or the negative pressure 
increases in magnitude with fluid flow in the proximal 
direction , fluid may be suctioned out of the barrel 110 , 
thereby “ pulling ” the movable seal member 120 away from 
the cap 140 and / or away from the initial position and toward 
the first end 112 of the barrel 110. This permits a portion of 
the fluid volume to be released from the one or more barrels 
110 of the dampening element 100 to compensate for the 
negative volume ( -dv ) , which results in an increased mini 
mum pressure and / or flow rate through the fluid pathway . 
The biasing force of the vacuum or partial vacuum trapped 
within the barrel 110 may be increased by axial translation 
of the movable seal member 120 toward the first end 112 . 
[ 0078 ] FIG . 8 illustrates a partial cross - sectional view of 
one example of the dampening element 100. The dampening 
element 100 may be positioned and / or disposed between the 
first segment 26 of the fluid pathway and the second segment 
28 of the fluid pathway such that the dampening element 100 
is in fluid communication with the fluid pathway . Similar to 
other embodiments described herein , the dampening ele 
ment 100 may comprise one or more barrels 110 , each barrel 
110 including a movable seal member 120 disposed within 
the barrel 110 ( and / or a lumen defined by the barrel 110 ) , a 
biasing member 130 disposed within the barrel 110 ( and / or 
the lumen defined by the barrel 110 ) and engaged with the 
movable seal member 120 , and a cap 140 secured to the 
barrel 110 opposite the fluid pathway . The first end 112 of 
each of the one or more barrels 110 ( and / or each of the 
lumens defined by the one or more barrels 110 ) may include 
a port in fluid communication with the fluid pathway , and the 
cap 140 may be secured to an opposing second end 114 of 
the barrel 110 ( and / or the lumen defined by the barrel 110 ) . 
The movable seal member 120 may be disposed within the 
barrel 110 ( and / or the lumen defined by the barrel 110 ) 
between the fluid pathway and the cap 140. The movable 
seal member 120 may be configured to sealingly engage an 
inner surface and / or an inner wall of the barrel 110. The 
lumen of the barrel 110 may be a cylindrical lumen with the 
movable seal member 120 sealingly engaged with the cylin 
drical inner surface defining the lumen . In some embodi 
ments , the movable seal member 120 may include at least 
one sealing element 122 extending around a perimeter of the 
movable seal member 120 and configured to sealingly 
engage the inner surface and / or the inner wall of the barrel 
110. For example , in some embodiments , the at least one 
sealing element 122 may include at least one O - ring ( e.g. , 
one O - ring , two O - rings , three O - rings , etc. ) extending 
around the movable seal member 120 and configured to 
sealingly engage the inner surface and / or the inner wall of 
the barrel 110 . 
[ 0079 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 
100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
In the example of FIG . 8 , the biasing member 130 may be 

an elastic element that is axially compressible and axially 
extendable . In some embodiments , the elastic element may 
be a spring , an expandable / compressible member , or other 
similar structure or element . In the example of FIG . 8 , the 
spring may be secured in equilibrium within the barrel 110 
between the movable seal member 120 and the first end 112 
of the barrel 110. Additionally , in some embodiments , the 
dampening element 100 may include a second biasing 
member . The second biasing member may be a trapped gas 
disposed between the movable seal member 120 and the cap 
140 at equilibrium . In some embodiments , the second bias 
ing member may be compressed gas acting against the 
spring . Accordingly , the dampening element 100 may be 
configured to actively dampen pressure fluctuations of the 
pulsatile fluid flow in the proximal direction ( e.g. , negative 
flow ; during suction ) and the distal direction ( e.g. , positive 
flow ; during infusion ) . The biasing member 130 and / or the 
second biasing member may position the movable seal 
member 120 at an initial , equilibrium position intermediate 
the first end 112 and the second end 114 of the barrel 110 . 
In some embodiments , when the movable seal member 120 
is at the initial position , the biasing member 130 may be in 
equilibrium , but able to axially compress and axially elon 
gate when subjected to a force acting on the movable seal 
member 120 that moves the movable seal member 120 
within the barrel 110. As the movable seal member 120 
translates axially toward the second end 114 , the spring may 
be stretched in tension , generating a biasing force biasing the 
movable seal member 120 towards the initial position . As 
the movable seal member 120 translates axially toward the 
first end 112 , the spring may be compressed in compression 
generating a biasing force biasing the movable seal member 
120 towards the initial position . 
[ 0080 ] As the fluid flow and / or pressure increases , fluid 
may flow into the barrel 110 through the port and apply a 
force against the movable seal member 120 , thereby urging 
the movable seal member 120 away from the fluid pathway 
and / or away from the initial , equilibrium position ( interme 
diate the first end 112 and the second end 114 ) and toward 
the second end 114 of the barrel 110. This permits a portion 
of the fluid volume to be stored within the one or more 
barrels 110 of the dampening element 100 to compensate for 
the positive volume ( + dv ) , which results in a reduced peak 
pressure and / or flow rate through the fluid pathway down 
stream of the dampening element 100. The fluid volume that 
may be “ stored ” within the dampening element 100 may be 
calculated as the product of the cross - sectional area of the 
lumen of the barrel 110 and the axial displacement , length , 
or distance the movable seal member 120 is moved away 
from the initial position ( e.g. , dv = A * L ) . The biasing force 
exerted by the elastic element ( e.g. , the biasing member 130 ) 
may be calculated using Hooke's law ( e.g. , F = -kx ; where k 
is the rate or spring constant and x is the displacement length 
of the elastic element from its equilibrium position ) . As the 
suction and / or the negative pressure increases in magnitude 
with fluid flow in the proximal direction , fluid may be 
suctioned out of the barrel 110 , thereby “ pulling ” the mov 
able seal member 120 away from the initial position and 
toward the first end 112 of the barrel 110. This permits a 
portion of the fluid volume to be released from the one or 
more barrels 110 of the dampening element 100 to compen 
sate for the negative volume ( -dv ) , which results in an 
increased minimum pressure and / or flow rate through the 
fluid pathway . 
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pressure relief 

[ 0081 ] FIG . 9 illustrates a partial cross - sectional view of 
another example of the dampening element 100 similar to 
the embodiment of FIG . 8 , except the biasing member 130 
( e.g. , spring ) is arranged between the movable seal member 
120 and the cap 140 of the barrel 110. In the example of FIG . 
9 , the spring may be secured in equilibrium within the barrel 
110 between the movable seal member 120 and the second 
end 114 of the barrel 110. Accordingly , the dampening 
element 100 may be configured to actively dampen pressure 
fluctuations of the pulsatile fluid flow in the proximal 
direction ( e.g. , negative flow ; during suction ) and the distal 
direction ( e.g. , positive flow ; during infusion ) . The biasing 
member 130 may position the movable seal member 120 at 
an initial , equilibrium position intermediate the first end 112 
and the second end 114 of the barrel 110. In some embodi 
ments , when the movable seal member 120 is at the initial 
position , the biasing member 130 may be in equilibrium , but 
able to axially compress and axially elongate when sub 
jected to a force acting on the movable seal member 120 that 
moves the movable seal member 120 within the barrel 110 . 
As the movable seal member 120 translates axially toward 
the first end 112 , the spring may be stretched in tension , 
generating a biasing force biasing the movable seal member 
120 towards the initial position . As the movable seal mem 
ber 120 translates axially toward the second end 114 , the 
spring may be compressed in compression generating a 
biasing force biasing the movable seal member 120 towards 
the initial position . 
[ 0082 ] As the fluid flow and / or pressure increases , fluid 
may flow into the barrel 110 through the port and apply a 
force against the movable seal member 120 , thereby urging 
the movable seal member 120 away from the fluid pathway 
and / or away from the initial , equilibrium position ( interme 
diate the first end 112 and the second end 114 ) and toward 
the second end 114 of the barrel 110. This permits a portion 
of the fluid volume to be stored within the one or more 
barrels 110 of the dampening element 100 to compensate for 
the positive volume ( + dv ) , which results in a reduced peak 
pressure and / or flow rate through the fluid pathway down 
stream of the dampening element 100. The fluid volume that 
may be “ stored ” within the dampening element 100 may be 
calculated as the product of the cross - sectional area of the 
lumen of the barrel 110 and the axial displacement , length , 
or distance the movable seal member 120 is moved away 
from the initial position ( e.g. , dv = A * L ) . The biasing force 
exerted by the elastic element ( e.g. , the biasing member 130 ) 
may be calculated using Hooke's law ( e.g. , F = -kx ; where k 
is the rate or spring constant and x is the displacement length 
of the elastic element from its equilibrium position ) . 
[ 0083 ] As the suction and / or the egative pressure 
increases in magnitude with fluid flow in the proximal 
direction , fluid may be suctioned out of the barrel 110 , 
thereby “ pulling ” the movable seal member 120 away from 
the initial position and toward the first end 112 of the barrel 
110. This permits a portion of the fluid volume to be released 
from the one or more barrels 110 of the dampening element 
100 to compensate for the negative volume ( -dv ) , which 
results in an increased minimum pressure and / or flow rate 
through the fluid pathway . 
[ 0084 ] FIG . 10 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The 
example illustrated in FIG . 10 is substantially the same as 
that illustrated in FIG . 3 , with an additional feature added . 
However , it will be appreciated that the additional feature of 

FIG . 10 may work equally well in any and / or all embodi 
ments and / or examples of the dampening element 100 
disclosed herein — including , but not limited to , the 
examples of FIGS . 4-9 . Likewise , the additional feature of 
FIG . 10 may be included in any and / or all of the examples 
that follow FIG . 10. The dampening element 100 illustrated 
in FIG . 10 further includes a pressure relief port 150 in fluid 
communication with the barrel 110 and / or the lumen defined 
by the barrel 110. As may be appreciated , the 
port 150 may be opened or closed when the fluid pressure 
within the barrel 110 and / or the lumen defined by the barrel 
110 exceeds a pressure threshold . 
[ 0085 ] In the example of FIG . 10 , the biasing member 130 
may be positioned within the barrel 110 between the mov 
able seal member 120 and the cap 140. Accordingly , the 
dampening element 100 may be configured to actively 
dampen pressure fluctuations of the pulsatile fluid flow in 
the distal direction ( e.g. , positive flow ; during infusion ) . The 
biasing member 130 may bias and / or urge the movable seal 
member 120 toward and / or into the initial position proxi 
mate the first end 112. In the initial position , and / or during 
any axial translation of the movable seal member 120 , the at 
least one sealing element 122 disposed closest to the second 
end 114 of the barrel 110 may form a fluidtight seal between 
the pressure relief port 150 and the cap 140 ( and / or the 
second end 114 of the barrel 110 ) . For example , the pressure 
relief port 150 and / or the fluid pathway may be fluidly and 
completely sealed off from the second end 114 of the barrel 
110 and / or the cap 140. In some embodiments , the at least 
one sealing element 122 disposed closest to the second end 
114 of the barrel 110 may always be disposed between the 
pressure relief port 150 and the second end 114 of the barrel 
110 and / or the cap 140 , and the at least one sealing element 
122 disposed closest to the first end 112 of the barrel 110 
may be disposed between the pressure relief port 150 and the 
first end 112 of the barrel 110 , except when a fluid pressure 
exceeding the pressure threshold causes axial translation of 
the movable seal member 120 toward the second end 114 of 
the barrel 110 a sufficient distance to place the fluid in the 
fluid pathway in fluid communication with the pressure 
relief port 150 . 
[ 0086 ] As the fluid flow and / or pressure increases , fluid 
may flow into the barrel 110 from the fluid pathway and 
apply a force against the movable seal member 120 , thereby 
urging the movable seal member 120 away from the fluid 
pathway and / or away from the initial , equilibrium position 
at the first end 112 and toward the second end 114 of the 
barrel 110 , and the biasing member 130 may be compressed . 
This permits a portion of the fluid volume to be stored within 
the one or more barrels 110 of the dampening element 100 
to compensate for the positive volume ( + dv ) , which results 
in a reduced peak pressure and / or flow rate through the fluid 
pathway downstream of the dampening element 100. Addi 
tionally , as the movable seal member 120 translates toward 
the cap 140 and / or the second end 114 of the barrel 110 , the 
end of the movable seal member 120 ( and / or the at least one 
sealing element 122 ) closest to the first end 112 may 
translate axially past the pressure relief port 150 when the 
fluid exceeds a threshold pressure level , thereby placing the 
fluid in fluid communication with the pressure relief port 
150. The pressure relief port 150 may include a pressure 
relief valve that may open at a threshold pressure ( which 
may be less than , equal to , or greater than the threshold 
pressure necessary to move the movable seal member 120 
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sufficiently to place the fluid in fluid communication with the 
pressure relief port 150 ) and permitting a portion of the fluid 
flowing into the barrel 110 to flow out of the pressure relief 
port 150. As the fluid pressure and / or flow is reduced below 
the threshold , the movable seal member 120 translates 
toward the first end 112 of the barrel 110 , and the end of the 
movable seal member 120 ( and / or the at least one sealing 
element 122 ) closest to the first end 112 may translate axially 
past the pressure relief port 150 , thereby closing the pressure 
relief port 150 and isolating the fluid in the fluid pathway 
from the pressure relief port 150 . 
[ 0087 ] FIG . 11 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The 
example illustrated in FIG . 11 is substantially the same as 
that illustrated in FIG . 3 , with an additional feature added . 
However , it will be appreciated that the additional feature of 
FIG . 11 may work equally well in any and / or all embodi 
ments and / or examples of the dampening element 100 
disclosed herein — including , but not limited to , the 
examples of FIGS . 4-10 . Likewise , the additional feature of 
FIG . 11 may be included in any and / or all of the examples 
that follow FIG . 11. The dampening element 100 illustrated 
in FIG . 11 further includes an adjustment mechanism , such 
as an adjustable cap 160 for adjusting the biasing force 
and / or amount of translation of the movable seal member 
130 permitted . In some embodiments , each of the one or 
more barrels 110 may include an adjustable cap 160. In some 
configurations , one or more barrels 110 may include an 
adjustable cap 160 , and one or more barrels 110 may include 
the non - adjustable cap 140 ( not shown in FIG . 11 ) , in 
varying combination ( s ) . As may be appreciated , the adjust 
able cap 160 may be configured to adjust a working length 
of the barrel 110 and / or the biasing force of the biasing 
member 130. In at least some embodiments , some and / or 
each adjustable cap 160 may be configured to threadably 
engage its respective barrel 110 , wherein rotation of the 
adjustable cap 160 relative to the barrel 110 translates the 
adjustable cap 160 axially to adjust the working length of the 
barrel 110 and / or the biasing force of the biasing member 
130. Alternatively , in some embodiments , the adjustable cap 
160 may be configured to engage its respective barrel 110 
using a camming mechanism , or other suitable engagement 
means . As may be appreciated , translating the adjustable cap 
160 towards the first end 112 of the barrel 110 may further 
compress the biasing member 130 , may increase the bias 
toward the first end of the barrel 110 , increase 
the bias force applied to the movable seal member 120 by 
the biasing member 130 at an initial position . Similarly , 
translating the adjustable cap 160 away from the first end 
112 of the barrel 110 and / or towards the second end 114 of 
the barrel 110 may decompress the biasing member 130 , 
may decrease the bias toward the first end of the barrel 110 , 
and / or may decrease the bias force applied to the movable 
seal member 120 by the biasing member 130 at an initial 
position . Thus , a user may adjust the adjustment cap 160 , or 
other adjustment mechanism , to provide a desired respon 
siveness of the dampening element 100 to pressure and / or 
flow fluctuations during a medical procedure . 
[ 0088 ] FIG . 12 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The 
example illustrated in FIG . 12 is substantially the same as 
that illustrated in FIG . 5 , with an additional feature added . 
However , it will be appreciated that the additional feature of 
FIG . 12 may work equally well in any and / or all embodi 

ments and / or examples of the dampening element 100 
disclosed herein — including , but not limited to , the 
examples of FIGS . 5-7 . Likewise , the additional feature of 
FIG . 12 may be included in any and / or all of the examples 
that follow FIG . 12. The dampening element 100 illustrated 
in FIG . 12 further includes an adjustment mechanism , such 
as an adjustable cap 160 for adjusting the biasing force 
and / or amount of translation of the movable seal member 
130 permitted . In some embodiments , each of the one or 
more barrels 110 may include an adjustable cap 160. In some 
configurations , one or more barrels 110 may include an 
adjustable cap 160 , and one or more barrels 110 may include 
the non - adjustable cap 140 ( not shown in FIG . 12 ) , in 
varying combination ( s ) . As may be appreciated , the adjust 
able cap 160 may be configured to adjust a working length 
of the barrel 110 and thus the volume of the trapped gas in 
the initial position . In at least some embodiments , some 
and / or each adjustable cap 160 may be configured to thread 
ably engage its respective barrel 110 , wherein rotation of the 
adjustable cap 160 relative to the barrel 110 translates the 
adjustable cap 160 axially to adjust the working length of the 
barrel 110 and thus the volume of the trapped gas in the 
initial position . Alternatively , in some embodiments , the 
adjustable cap 160 may be configured to engage its respec 
tive barrel 110 using a camming mechanism , or other 
suitable engagement means . As may be appreciated , trans 
lating the adjustable cap 160 towards the first end 112 of the 
barrel 110 may further compress the biasing member 130 
( e.g. , the trapped gas ) , may increase the bias toward the first 
end of the barrel 110 , and / or may increase the bias force 
applied to the movable seal member 120 by the biasing 
member 130. For example , translating the adjustable cap 
160 towards the first end 112 of the barrel 110 may reduce 
the volume and thus compress and increase the pressure of 
the trapped gas within the barrel 110. Similarly , translating 
the adjustable cap 160 away from the first end 112 of the 
barrel 110 and / or towards the second end 114 of the barrel 
110 may increase the volume and thus decompress the 
biasing member 130 ( e.g. , the trapped gas ) , may decrease 
the bias toward the first end of the barrel 110 , and / or may 
decrease the bias force applied to the movable seal member 
120 by the biasing member 130. For example , translating the 
adjustable cap 160 towards the second end 114 of the barrel 
110 may decompress and decrease the pressure of the 
trapped gas within the barrel 110. Alternatively and / or 
additionally , the adjustable cap 160 may be used in embodi 
ments and / or examples where the biasing member 130 is a 
vacuum or partial vacuum disposed and / or trapped within 
the barrel 110 . 

[ 0089 ] FIG . 13 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The 
example illustrated in FIG . 13 combines selected features of 
the examples illustrated in FIGS . 3 and 4. However , it will 
be appreciated that the example of FIG . 13 may work 
equally well in and / or with features from any and / or all 
embodiments and / or examples of the dampening element 
100 disclosed herein . Similarly , additional arrangements 
and / or combinations of features are also contemplated . 
[ 0090 ] The dampening element 100 may be positioned 
and / or disposed between the first segment 26 of the fluid 
pathway and the second segment 28 of the fluid pathway . 
The dampening element 100 may be in fluid communication 
with the fluid pathway , and in some instances the dampening 
element 100 may be provided as a disposable tubing set with 

and / or may 
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tubing extending from the dampening element 100 defining 
the first segment 26 and / or the second segment 28 , which 
may be removably engaged with the fluid pump 20 for 
moving fluid therethrough . The dampening element 100 
may comprise a plurality of barrels 110 , each barrel 110 
including a movable seal member 120 disposed within the 
barrel 110 ( and / or a lumen defined by the barrel 110 ) , a 
biasing member 130 disposed within the barrel 110 ( and / or 
the lumen defined by the barrel 110 ) and engaged with the 
movable seal member 120 , and a cap 140 ( not shown in FIG . 
13 ) secured to the barrel 110 opposite the fluid pathway . The 
cap 140 may be selectively lockable onto the barrel 110 . 
Alternatively , some of and / or each barrel 110 may comprise 
an adjustable cap 160 as described herein . 
[ 0091 ] In the example illustrated in FIG . 13 , the plurality 
of barrels 110 may include and / or comprise a first barrel 110 
and a second barrel 110. In at least some embodiments , the 
first barrel 110 and the second barrel 110 are both positioned 
between the fluid pump 20 and the fluid flow sensor 190 
and / or the medical device 30. Other arrangements and / or 
configurations , including but not limited to three barrels , 
four barrels , five barrels , or more barrels , are also contem 
plated . The first barrel 110 may include a first movable seal 
member 120 disposed within the first barrel 110 ( and / or the 
lumen defined by the first barrel 110 ) and a first biasing 
member 130 disposed within the first barrel 110 ( and / or the 
lumen defined by the first barrel 110 ) and engaged with the 
first movable seal member 120. The second barrel 110 may 
include a second movable seal member 120 disposed within 
the second barrel 110 ( and / or the lumen defined by the 
second barrel 110 ) and a second biasing member 130 
disposed within the second barrel 110 ( and / or the lumen 
defined by the second barrel 110 ) and engaged with the 
second movable seal member 120. In some embodiments , 
the first barrel 110 and the second barrel 110 may be formed 
as a unified housing . In some embodiments , the first barrel 
110 may be structurally and / or functionally independent of 
the second barrel 110. As such , multiple first barrels and / or 
multiple second barrels may be utilized and / or included 
within the dampening element 100. In some embodiments , 
the fluid volume ( s ) desired to be accommodated by the one 
or more barrels 110 may be divided into several barrels 
placed in series with each other , thereby providing an 
additive configuration capable of accommodating a greater 
volume of fluid and / or a higher pressure pulse . 
[ 0092 ] In should be noted that the orientation and posi 
tioning of the first barrel 110 and the second barrel 110 
relative to each other and / or relative to the fluid pathway 
may be varied while maintaining the desired function ( s ) 
and / or benefits of the dampening element 100. In the view 
illustrated , the first barrel 110 and the second barrel 110 both 
extend upward from the fluid pathway and / or the first 
segment 26 and the second segment 28. In some embodi 
ments , one of the first barrel 110 or the second barrel 110 
may extend upward from the fluid pathway and / or the first 
segment 26 and the second segment 28 and the other of the 
first barrel 110 or the second barrel 110 may extend down 
ward from the fluid pathway and / or the first segment 26 and 
the second segment 28. Alternatively , one of the first barrel 
110 or the second barrel 110 may extend at a non - zero angle 
( e.g. , 30 degrees , 45 degrees , 60 degrees , 90 degrees , 120 
degrees , 150 degrees , etc. ) relative to the other of the first 
barrel 110 or the second barrel 110. Other arrangements 
and / or configurations are also contemplated . For example , in 

some embodiments , positioning of the first barrel 110 and 
the second barrel 110 may be interchanged while retaining 
their respective functions . In some embodiments , the damp 
ening element 100 , the first barrel 110 , and / or the second 
barrel 110 may be positioned in any orientation relative to 
the fluid pathway and / or the first segment 26 and the second 
segment 28 while retaining its respective function ( s ) . For 
example , the dampening element 100 , the first barrel 110 , 
and / or the second barrel 110 may be positioned on its side , 
upside down , etc. This arrangement is equally applicable to 
all other embodiments described and contemplated within 
the context of this application . 
[ 0093 ] The example illustrated in FIG . 13 includes adjust 
able caps 160 , but this is not intended to be limiting , and the 
cap 140 and / or the adjustable cap 160 may be used in 
varying combinations as described herein . Additionally , as 
mentioned above , in some embodiments , the dampening 
element 100 may include the first connector 102 and / or the 
second connector 102 and / or multiples thereof . 
[ 0094 ] In some embodiments , a first end 112 of each of the 
one or more barrels 110 ( and / or each of the lumens defined 
by the one or more barrels 110 ) may include a port in fluid 
communication with the fluid pathway , and the cap 140 
and / or the adjustable cap 160 may be secured to an opposing 
second end 114 of the barrel 110 ( and / or the lumen defined 
by the barrel 110 ) . The movable seal member 120 may be 
disposed within the barrel 110 ( and / or the lumen defined by 
the barrel 110 ) between the port leading to the fluid pathway 
and the cap 140 and / or the adjustable cap 160. The movable 
seal member 120 may be configured to sealingly engage an 
inner surface and / or an inner wall of the barrel 110. In some 
embodiments , the movable seal member 120 may include at 
least one sealing element 122 extending around a perimeter 
of the movable seal member 120 and configured to sealingly 
engage the inner surface and / or the inner wall of the barrel 
110. For example , in some embodiments , the at least one 
sealing element 122 may include at least one O - ring ( e.g. , 
one O - ring , two O - rings , three O - rings , etc. ) extending 
around the movable seal member 120 and configured to 
sealingly engage the inner surface and / or the inner wall of 
the barrel 110 . 
[ 0095 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 
100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
[ 0096 ] In the example of FIG . 13 , the first biasing member 
130 ( e.g. , spring ) may be secured in compression or equi 
librium within the first barrel 110 between the first movable 
seal member 120 and the cap 140 and / or the adjustable cap 
160. Accordingly , the dampening element 100 and / or the 
first barrel 110 may be configured to actively dampen 
pressure fluctuations of the pulsatile fluid flow in the distal 
direction ( e.g. , positive flow ; during infusion ) . The first 
biasing member 130 may bias and / or urge the first movable 
seal member 120 toward and / or into an initial position 
proximate the first end 112 or otherwise position the mov 
able seal member 120 toward the first end 112. The first 
movable seal member 120 , in the initial position , may be at 
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the first end 112 of the first barrel 110 immediately adjacent 
to the port of the first barrel 110 in fluid communication with 
the fluid pathway and / or the first segment 26 and / or the 
second segment 28. The first dampening element 100 may 
function similar to the dampening element 100 of FIG . 3 to 
be responsive to pressure fluctuations of the pulsatile fluid 
flow in a distal direction ( e.g. , positive pressure ) to actively 
dampen the pressure fluctuations and smoothen the pulsatile 
fluid flow . 
[ 0097 ] Furthermore , the second biasing member 130 ( e.g. , 
spring ) may be secured in compression or equilibrium 
within the second barrel 110 between the second movable 
seal member 120 and the first end 112 of the second barrel 
110. Accordingly , the dampening element 100 and / or the 
second barrel 110 may be configured to actively dampen 
pressure fluctuations of the pulsatile fluid flow in the proxi 
mal direction ( e.g. , negative flow ; during suction ) . The 
second biasing member 130 may bias and / or urge the second 
movable seal member 120 toward and / or into an initial 
position proximate the second end 114 or otherwise position 
the movable seal member 120 toward the second end 114 . 
The second movable seal member 120 , in the initial position , 
may be at the second end 114 of the second barrel 110 
immediately adjacent to and / or in contact with the cap 140 
and / or the adjustable cap 160. The second dampening ele 
ment 100 may function similar to the dampening element 
100 of FIG . 4 to be responsive to pressure fluctuations of the 
pulsatile fluid flow in a proximal direction ( e.g. , negative 
pressure ) to actively dampen the pressure fluctuations and 
smoothen the pulsatile fluid flow . 
[ 0098 ] In addition or alternatively , the dampening element 
100 may be constructed with more than one barrel config 
ured as the first barrel or as the second barrel . For example , 
the dampening element 100 may be configured with two or 
more “ first ” barrels each configured to actively dampen 
pressure fluctuations of the pulsatile fluid flow in the distal 
direction ( e.g. , positive flow ; during infusion ) . Each of the 
“ first ” barrels may be configured with a different biasing 
force ( e.g. , spring constant , etc. ) to provide a desired respon 
siveness to the pulsatile fluid flow . Additionally or alterna 
tively , the dampening element 100 may be configured with 
two or more “ second ” barrels each configured to actively 
dampen pressure fluctuations of the pulsatile fluid flow in 
the proximal direction ( e.g. , negative flow ; during suction ) . 
Each of the " second ” barrels may be configured with a 
different biasing force ( e.g. , spring constant , etc. ) to provide 
a desired responsiveness to the pulsatile fluid flow . Varying 
combinations of multiple barrels are also contemplated . 
[ 0099 ] FIG . 14 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The 
example illustrated in FIG . 14 combines selected features of 
the examples illustrated in FIGS . 5 and 6. However , it will 
be appreciated that the example of FIG . 14 may work 
equally well in and / or with features from any and / or all 
embodiments and / or examples of the dampening element 
100 disclosed herein . Similarly , additional arrangements 
and / or combinations of features are also contemplated . 
[ 0100 ] The dampening element 100 may be positioned 
and / or disposed between the first segment 26 of the fluid 
pathway and the second segment 28 of the fluid pathway . 
The dampening element 100 may be in fluid communication 
with the fluid pathway , and in some instances the dampening 
element 100 may be provided as a disposable tubing set with 
tubing extending from the dampening element 100 defining 

the first segment 26 and / or the second segment 28 , which 
may be removably engaged with the fluid pump 20 for 
moving fluid therethrough . The dampening element 100 
may comprise a plurality of barrels 110 , each barrel 110 
including a movable seal member 120 disposed within the 
barrel 110 ( and / or a lumen defined by the barrel 110 ) , a 
biasing member 130 disposed within the barrel 110 ( and / or 
the lumen defined by the barrel 110 ) and engaged with the 
movable seal member 120 , and a cap 140 ( not shown in FIG . 
14 ) secured to the barrel 110 opposite the fluid pathway . The 
cap 140 may be selectively lockable onto the barrel 110 . 
Alternatively , some of and / or each barrel 110 may comprise 
an adjustable cap 160 as described herein . 
[ 0101 ] In the example illustrated in FIG . 14 , the plurality 
of barrels 110 may include and / or comprise a first barrel 110 
and a second barrel 110. In at least some embodiments , the 
first barrel 110 and the second barrel 110 are both positioned 
between the fluid pump 20 and the fluid flow sensor 190 
and / or the medical device 30. Other arrangements and / or 
configurations , including but not limited to three barrels , 
four barrels , five barrels , or more barrels , are also contem 
plated . The first barrel 110 may include a first movable seal 
member 120 disposed within the first barrel 110 ( and / or the 
lumen defined by the first barrel 110 ) and a first biasing 
member 130 disposed within the first barrel 110 ( and / or the 
lumen defined by the first barrel 110 ) and engaged with the 
first movable seal member 120. The second barrel 110 may 
include a second movable seal member 120 disposed within 
the second barrel 110 ( and / or the lumen defined by the 
second barrel 110 ) and a second biasing member 130 
disposed within the second barrel 110 ( and / or the lumen 
defined by the second barrel 110 ) and engaged with the 
second movable seal member 120. In some embodiments , 
the first barrel 110 and the second barrel 110 may be formed 
as a unified housing . In some embodiments , the first barrel 
110 may be structurally and / or functionally independent of 
the second barrel 110. As such , multiple first barrels and / or 
multiple second barrels may be utilized and / or included 
within the dampening element 100. In some embodiments , 
the fluid volume ( s ) desired to be accommodated by the one 
or more barrels 110 may be divided into several barrels 
placed in series with each other , thereby providing an 
additive configuration capable of accommodating a greater 
volume of fluid and / or a higher pressure pulse . 
[ 0102 ] In should be noted that the orientation of the first 
barrel 110 and the second barrel 110 relative to each other 
and / or relative to the fluid pathway may be varied while 
maintaining the desired function ( s ) and / or benefits of the 
dampening element 100. In the view illustrated , the first 
barrel 110 and the second barrel 110 both extend upward 
from the fluid pathway and / or the first segment 26 and the 
second segment 28. In some embodiments , one of the first 
barrel 110 or the second barrel 110 may extend upward from 
the fluid pathway and / or the first segment 26 and the second 
segment 28 and the other of the first barrel 110 or the second 
barrel 110 may extend downward from the fluid pathway 
and / or the first segment 26 and the second segment 28 . 
Alternatively , one of the first barrel 110 or the second barrel 
110 may extend at a non - zero angle ( e.g. , 30 degrees , 45 
degrees , 60 degrees , 90 degrees , 120 degrees , 150 degrees , 
etc. ) relative to the other of the first barrel 110 or the second 
barrel 110. Other arrangements and / or configurations are 
also contemplated . For example , in some embodiments , 
positioning of the first barrel 110 and the second barrel 110 
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may be interchanged while retaining their respective func 
tions . In some embodiments , the dampening element 100 , 
the first barrel 110 , and / or the second barrel 110 may be 
positioned in any orientation relative to the fluid pathway 
and / or the first segment 26 and the second segment 28 while 
retaining its respective function ( s ) . For example , the damp 
ening element 100 , the first barrel 110 , and / or the second 
barrel 110 may be positioned on its side , upside down , etc. 
This arrangement is equally applicable to all other embodi 
ments described and contemplated within the context of this 
application . 
[ 0103 ] The example illustrated in FIG . 14 includes adjust 
able caps 160 , but this is not intended to be limiting , and the 
cap 140 and / or the adjustable cap 160 may be used in 
varying combinations as described herein . Additionally , as 
mentioned above , in some embodiments , the dampening 
element 100 may include the first connector 102 and / or the 
second connector 102 and / or multiples thereof . 
[ 0104 ] In some embodiments , a first end 112 of each of the 
one or more barrels 110 ( and / or each of the lumens defined 
by the one or more barrels 110 ) may include a port in fluid 
communication with the fluid pathway , and the cap 140 
and / or the adjustable cap 160 may be secured to an opposing 
second end 114 of the barrel 110 ( and / or the lumen defined 
by the barrel 110 ) . The movable seal member 120 may be 
disposed within the barrel 110 ( and / or the lumen defined by 
the barrel 110 ) between the port leading to the fluid pathway 
and the cap 140 and / or the adjustable cap 160. The movable 
seal member 120 may be configured to sealingly engage an 
inner surface and / or an inner wall of the barrel 110. In some 
embodiments , the movable seal member 120 may include at 
least one sealing element 122 extending around a perimeter 
of the movable seal member 120 and configured to sealingly 
engage the inner surface and / or the inner wall of the barrel 
110. For example , in some embodiments , the at least one 
sealing element 122 may include at least one O - ring ( e.g. , 
one O - ring , two O - rings , three O - rings , etc. ) extending 
around the movable seal member 120 and configured to 
sealingly engage the inner surface and / or the inner wall of 
the barrel 110 . 
[ 0105 ] The movable seal member 120 may be configured 
to translate axially within the one or more barrels 110 and / or 
within the lumen defined by the one or more barrels 110. In 
some embodiments , using two or more sealing elements 122 
may help to prevent tilting , cocking , and / or wedging of the 
movable seal member 120 within the barrel 110 and / or the 
lumen defined by the barrel 110. The dampening element 
100 may be configured to be responsive to pressure fluc 
tuations of the pulsatile fluid flow to actively dampen the 
pressure fluctuations and smoothen the pulsatile fluid flow . 
In the example of FIG . 14 , the biasing member 130 may be 
a trapped gas and / or a vacuum or partial vacuum trapped 
within the barrel 110 and / or the lumen defined by the barrel 
110. In some embodiments , the trapped gas may be a 
compressed gas ( i.e. , a gas at a pressure greater than 14.7 
psi ) or a gas at atmospheric pressure ( 14.7 psi ) , such as 
atmospheric air . In the example of FIG . 14 , the biasing 
member 130 ( i.e. , the trapped gas ) may be disposed in within 
the barrel 110 between the movable seal member 120 and the 

and / or urge the first movable seal member 120 toward and / or 
into an initial position proximate the first end 112. The first 
movable seal member 120 , in the initial position , may be at 
the first end 112 of the barrel 110 immediately adjacent to 
the port of the first barrel 110 in fluid communication with 
the fluid pathway and / or the first segment 26 and / or the 
second segment 28. The first dampening element 100 may 
function similar to the dampening element 100 of FIG . 5 to 
be responsive to pressure fluctuations of the pulsatile fluid 
flow in a distal direction ( e.g. , positive pressure ) to actively 
dampen the pressure fluctuations and smoothen the pulsatile 
fluid flow . 
[ 0107 ] Furthermore , the second biasing member 130 may 
be a gas at atmospheric pressure ( 14.7 psi ) , such as atmo 
spheric air , or a vacuum or a partial vacuum trapped within 
the second barrel 110 and / or the lumen defined by the second 
barrel 110. In the example of FIG . 14 , the second biasing 
member 130 may be disposed within the second barrel 110 
between the second movable seal member 120 and the cap 
140 and / or the adjustable cap 160. Accordingly , the damp 
ening element 100 may be configured to actively dampen 
pressure fluctuations of the pulsatile fluid flow in the proxi 
mal direction ( e.g. , negative flow ; during suction ) . The 
second biasing member 130 may bias and / or urge the second 
movable seal member 120 toward and / or into an initial 
position proximate the second end 114. The second movable 
seal member 120 , in the initial position , may be at the second 
end 114 of the second barrel 110 immediately adjacent to 
and / or in contact with the cap 140 and / or the adjustable cap 
160. The second dampening element 100 may function 
similar to the dampening element 100 of FIG . 6 to be 
responsive to pressure fluctuations of the pulsatile fluid flow 
in a proximal direction ( e.g. , negative pressure ) to actively 
dampen the pressure fluctuations and smoothen the pulsatile 
fluid flow . 
[ 0108 ] In addition or alternatively , the dampening element 
100 may be constructed with more than one barrel config 
ured as the first barrel or as the second barrel . For example , 
the dampening element 100 may be configured with two or 
more " first ” barrels each configured to actively dampen 
pressure fluctuations of the pulsatile fluid flow in the distal 
direction ( e.g. , positive flow ; during infusion ) . Each of the 
“ first ” barrels may be configured with a different biasing 
force ( e.g. , gas pressure , etc. ) to provide a desired respon 
siveness to the pulsatile fluid flow . Additionally or alterna 
tively , the dampening element 100 may be configured with 
two or more " second " barrels each configured to actively 
dampen pressure fluctuations of the pulsatile fluid flow in 
the proximal direction ( e.g. , negative flow ; during suction ) . 
Each of the " second " barrels may be configured with a 
different biasing force ( e.g. , gas or vacuum pressure , etc. ) to 
provide a desired responsiveness to the pulsatile fluid flow . 
Varying combinations of multiple barrels are also contem 
plated 
[ 0109 ] As may be readily appreciated , while not explicitly 
illustrated , combinations of the configurations and / or fea 
tures shown in FIGS . 13 and 14 are also contemplated , 
including but not limited to multiple barrels configured as 
the first barrel and / or the second barrel , as well as configu 
rations of the first barrel and / or the second barrel including 
different types of biasing members ( e.g. , elastic element , 
gas , vacuum , etc. ) . 
[ 0110 ] FIG . 15 illustrates a partial cross - sectional view of 
another example of the dampening element 100. The 

cap 140 . 
[ 0106 ] Accordingly , the dampening element 100 may be 
configured to actively dampen pressure fluctuations of the 
pulsatile fluid flow in the distal direction ( e.g. , positive flow ; 
during infusion ) . The first biasing member 130 may bias 
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example illustrated in FIG . 15 combines selected features of 
the examples illustrated in FIGS . 3 and 4. However , it will 
be appreciated that the example of FIG . 15 may work 
equally well in and / or with features from any and / or all 
embodiments and / or examples of the dampening element 
100 disclosed herein . For example , in some embodiments , 
the example of FIG . 15 may be constructed using selected 
features of the examples illustrated in FIGS . 5 and 6 . 
Similarly , additional arrangements and / or combinations of 
features are also contemplated . 
[ 0111 ] Compared to FIGS . 3 , 4 , and 13 above , the example 
of FIG . 15 includes one or more barrels 110 formed as and / or 
within a single monolithic structure or housing . In some 
embodiments , the first barrel 110 and the second barrel 110 
are formed as and / or within a single monolithic structure or 
housing . In some embodiments , the single monolithic struc 
ture may include two “ first ” barrels or two “ second ” barrels . 
Embodiments including additional barrels formed as and / or 
within the single monolithic structure are also contemplated . 
[ 0112 ] Furthermore , in some embodiments , the dampen 
ing element 100 may include multiple instances of one or 
more barrels 110 being formed as and / or within a single 
monolithic structure . For example , the dampening element 
100 may include two or more monolithic structures joined 
together using connectors 102. In some embodiments , the 
dampening element 100 may include one monolithic struc 
ture including two or more “ first ” barrels , and one mono 
lithic structure including two or more " second " barrels 
coupled together along the fluid pathway . Other arrange 
ments and / or configurations are also contemplated . 
[ 0113 ] The materials that can be used for the various 
components of the fluid management system , the dampening 
element , the connectors , the one or more barrels , the mov 
able seal member , the biasing member , the cap and / or the 
adjustable cap , the fluid flow sensor , etc. ( and / or other 
systems or components disclosed herein ) and the various 
elements thereof disclosed herein may include those com 
monly associated with medical devices . In some embodi 
ments , the fluid management system , the dampening ele 
ment , the connectors , the one or more barrels , the movable 
seal member , the biasing member , the cap and / or the adjust 
able cap , the fluid flow sensor , etc. , and / or components 
thereof may be made from a metal , metal alloy , polymer 
( some examples of which are disclosed below ) , a metal 
polymer composite , ceramics , combinations thereof , and the 
like , or other suitable material . Some examples of suitable 
metals and metal alloys include stainless steel , mild steel , 
nickel - titanium alloy such as linear - elastic and / or super 
elastic nitinol , or any other suitable materials . Some 
examples of suitable polymers may include polytetrafluo 
roethylene ( PTFE ) , ethylene tetrafluoroethylene ( ETFE ) , 
fluorinated ethylene propylene ( FEP ) , polyoxymethylene 
( POM ) , polyether block ester , polyurethane , polypropylene 
( PP ) , polyvinylchloride ( PVC ) , polyether - ester , polyamide , 
polyether block amide ( PEBA ) , ethylene vinyl acetate copo 
lymers ( EVA ) , silicones , polyethylene ( PE ) , and other suit 
able materials . 

[ 0114 ] It should be understood that this disclosure is , in 
many respects , only illustrative . Changes may be made in 
details , particularly in matters of shape , size , and arrange 
ment of steps without exceeding the scope of the invention . 
This may include , to the extent that it is appropriate , the use 
of any of the features of one example embodiment being 

used in other embodiments . The invention's scope is , of 
course , defined in the language in which the appended 
claims are expressed . 
What is claimed is : 
1. A fluid management system , comprising : 
a fluid pump capable of generating a pulsatile flow of 

fluid ; 
a fluid pathway for transporting the pulsatile flow of fluid 

from a fluid source through the fluid pump to a medical 
device ; 

a dampening element in fluid communication with the 
fluid pathway , the dampening element comprising one 
or more barrels , each barrel including a movable seal 
member disposed within the barrel and a biasing mem 
ber disposed within the barrel and engaged with the 
movable seal member , the dampening element being 
responsive to pressure fluctuations of the pulsatile fluid 
flow to actively dampen the pressure fluctuations and 
smoothen the pulsatile fluid flow ; and 

a fluid flow sensor disposed along the fluid pathway 
between the dampening element and the medical device 
to measure a flow rate of the smoothened pulsatile fluid 
flow in both flow directions of the fluid pathway . 

2. The fluid management system of claim 1 , wherein the 
dampening element is capable of actively dampening the 
pressure fluctuations in both flow directions . 

3. The fluid management system of claim 1 , wherein the 
biasing member is an elastic element . 

4. The fluid management system of claim 3 , wherein the 
elastic element is a pring . 

5. The fluid management system of claim 3 , wherein the 
elastic element is in compression . 
6. The fluid management system of claim 3 , wherein the 

elastic element is in tension . 
7. The fluid management system of claim 1 , wherein the 

biasing member is a gas . 
8. The fluid management system of claim 7 , wherein the 

biasing member is a compressed gas . 
9. The fluid management system of claim 1 , wherein the 

biasing member is a vacuum or a partial vacuum . 
10. The fluid management system of claim 1 , wherein the 

movable seal member includes at least one sealing element 
extending around a perimeter of the movable seal member . 

11. The fluid management system of claim 1 , further 
comprising a pressure relief port . 

12. The fluid management system of claim 11 , wherein the 
pressure relief port is opened by axial translation of the 
movable seal member . 

13. The fluid management system of claim 1 , wherein 
each barrel includes an adjustable cap configured to adjust a 
working length of its barrel . 

14. The fluid management system of claim 13 , wherein 
each adjustable cap threadably engages its respective barrel . 

15. A fluid management system , comprising : 
a fluid pump capable of generating a pulsatile flow of 

fluid ; 
a fluid pathway for transporting the pulsatile flow of fluid 

from a fluid source through the fluid pump to a medical 
device ; 

a dampening element in fluid communication with the 
fluid pathway , the dampening element comprising a 
first barrel and a second barrel , the dampening element 
being responsive to pressure fluctuations of the pulsa 
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tile fluid flow to actively dampen the pressure fluctua 
tions and smoothen the pulsatile fluid flow ; 

wherein the first barrel includes a first movable seal 
member disposed within the first barrel and a first 
biasing member disposed within the first barrel and 
engaged with the first movable seal member , and 

wherein the second barrel includes a second movable seal 
member disposed within the second barrel and a second 
biasing member disposed within the second barrel and 
engaged with the second movable seal member . 

16. The fluid management system of claim 15 , wherein 
the first barrel dampens the pulsatile fluid flow in a distal 
direction . 

17. The fluid management system of claim 15 , wherein 
the second barrel dampens the pulsatile fluid flow in a 
proximal direction . 

18. The fluid management system of claim 15 , wherein 
the first barrel is independent of the second barrel . 

19. The fluid management system of claim 15 , wherein 
the first barrel and the second barrel are formed within a 
single monolithic structure . 

20. A fluid management system , comprising : 
a fluid pump capable of generating a pulsatile flow of 

fluid ; 
a fluid pathway for transporting the pulsatile flow of fluid 

from a fluid source through the fluid pump to a medical 
device ; 

a dampening element in fluid communication with the 
fluid pathway , the dampening element comprising a 
first barrel and a second barrel , the dampening element 
being responsive to pressure fluctuations of the pulsa 
tile fluid flow to actively dampen the pressure fluctua 
tions and smoothen the pulsatile fluid flow ; and 

a fluid flow sensor disposed along the fluid pathway 
between the dampening element and the medical device 
to measure a flow rate of the pulsatile fluid flow in both 
flow directions of the fluid pathway ; 

wherein the first barrel includes a first movable seal 
member disposed within the first barrel and a first 
biasing member disposed within the first barrel and 
engaged with the first movable seal member , the first 
barrel being configured to dampen the pressure fluc 
tuations in a distal direction ; 

wherein the second barrel including a second movable 
seal member disposed within the second barrel and a 
second biasing member disposed within the second 
barrel and engaged with the second movable seal 
member , the second barrel being configured to dampen 
the pressure fluctuations in a proximal direction ; 

wherein the first barrel and the second barrel are both 
positioned between the fluid pump and the fluid flow 
sensor . 


